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Introduction

1
The fundamental role of tides in geo-and astrophysics has been the sub- ities, and then demonstrate the importance of this instability in stellar and 11 planetary binary systems using a simplified but illustrative model of tidal 12 synchronization.
13
The elliptical instability, whose existence is related to a parametric reso-14 nance of inertial waves, is well-known in aeronautics, and more generally in 15 the field of vortex dynamics: it actually affects any rotating fluid, as soon as 16 its streamlines are elliptically deformed. Since its discovery in the mid-1970s, 17 the elliptical instability has received considerable attention, theoretically, ex-18 perimentally and numerically (see for instance the review by Kerswell, 2002) . A c c e p t e d M a n u s c r i p t binary stars (e.g. Rieutord, 2003) .
26
In all these studies, it is assumed that the tidal deformation is fixed and 27 that the excited resonance is the so-called spin-over mode, which corresponds 28 to a solid body rotation around an axis inclined compare to the spin axis of 29 the system. This is indeed the only perfect resonance in spherical geometry 30 in the absence of rotation of the elliptical deformation (Lacaze et al., 2004) .
31
But in all natural configurations such as binary stars, moon-planet systems 32 or planet-star systems, orbital motions are also present, which means that Our study is based on the laboratory experiment shown in figure 1a.
50
The set-up consists in a deformable and transparent hollow sphere of radius 51 R = 2.175cm, set in rotation about its axis (Oz) with an angular velocity A c c e p t e d M a n u s c r i p t
Linear global analysis
72
As previously mentioned, the elliptical instability is generated by the 73 parametric resonance of two normal modes of the undistorted circular flow 74 with the underlying strain field (e.g. Waleffe, 1990; Kerswell, 2002 
where u and p stand for the velocity and the pressure respectively. Here,
89
ω is the mode frequency in the frame rotating with the elliptical deforma- 
whereJ i|i corresponds to the norm of mode i,Ñ i|j to the coupling coefficient 
where the first term on the right-hand side comes from the inviscid local 127 analysis (Le Dizès, 2000) and where c is a constant of order 1, which can be 128 explicitly computed for each resonance using equation (2). 
Experimental results
130
A series of experiments was performed with a fixed eccentricity ε = 0. is reached, the second motor controlling the fluid rotation is turned on. We 
191
The energy necessary to excite and maintain the selected mode is supplied 
where M is the mass of the fluid and h the size of the viscous boundary layer, 
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A c c e p t e d M a n u s c r i p t
Replacing Ω SO by Ω spin ω SO , where ω SO is the dimensionless spin-over mode 209 amplitude which typically ranges between 0 (below threshold of the tidal 210 instability) and 1 (far from threshold of the tidal instability), the dissipated 211 power is written
The non-linear evolution of ω SO as a function of time and its dependence reasonably expect the dissipated power to be 220
Here, ω ell is the dimensionless amplitude of the selected resonance, which forms, and that (iv) the tidal instability may generate first order motions.
261
As opposed to our experiments where spinning and orbital angular velocities 
277
The tidal deformation of body 1 by body 2 is given in the limit of hydrostatic
3 . The evolution of this system is described by 279 M a n u s c r i p t two coupled equations, corresponding to the conservation of total angular
and to the decrease of mechanical energy
because of tidal dissipation (see for instance Rieutord, 2003) . As opposed 283 to our experiments, the synchronizing system evolves from one resonance to
284
another as the spin and orbital velocities continuously change. We suppose 285 that the mode remains at saturation during this evolution, and thus approx- Let's now assume that body 1 corresponds to a typical moon with a 290 50% core orbiting a large planet (for instance Io in the vicinity of Jupiter).
291
Then, the much heavier body 2 evolves on a much longer timescale, and 292 the spin and core velocities of body 2 in equations (8) and (9) 
M a n u s c r i p t and a = a
where M c is the mass of the liquid core of body 1, Ω init spin,1 its initial spin-
301
ning angular velocity and a 0 the initial orbital radius. The (Ω spin,1 − Ω orbit )
302
factor on the right-hand side of equation (10) implies that the system sys-303 tematically evolves towards the equilibrium state of synchronization (i.e.
304
Ω spin,1 = Ω orbit ).
305
The evolution of a typical body equivalent to Jupiter's moon Io is shown 306 in figure 6 for three different initial conditions. When the tidal instability is 307 present, the evolution takes place on very short time scales of 10000 years, and Appendix A : notations.
352
The operators appearing in equation (2) are defined as follows.
353
Volume termsJ i|i ,Ñ i|j andC i|i respectively correspond to the norm of 
A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t 
